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 Galuh Cempaka Ltd. is a Gravel Mining Company with an area of 2,994 Ha. 
The mining system was surface mine or open pit. There are several things 
which should move in dig and load activities, such as mechanical soil, 
productivity, and compatibility of loading and conveying equipment are 
important factors in gravel mining activities. It influences on how far to know 
the effective work hour and the productivity. The purpose of this research 
was to determine work efficiency in Galuh Cempaka Ltd, and calculate the 
productivity of each equipment and the Match Factor value of the loading 
and conveying equipment in mining activity. From the observation and data 
processing, it obtained 1 unit of excavator Komatsu PC 400LC, wasingplan 
as far as 1.5 km. The effective work time was obtained work efficiency of 
0.82 and after it was conducted the efficiency become 0.83 and it was 
reduced the obstacles from excavator CAT 320D. Before digging toll 
productivity got optimizing from CAT 320D in gravel excavation, it got 94.2 
tons/hour and after it got optimizing from CAT 320D excavator in gravel 
excavation, it obtained 99.6 tons/hours and the IVECO 380 dump truck for 
gravel loading was 125.55 tons /hour. It obtained Match Factor Overburden 
(08) < 1. it means it is less than 1. So, there was waiting time for 
transportation equipment which had not arrived yet. Match Factor Gravel 
(1.2) > 1 means more than 1. So, there was a waiting time for transportation 
because the digging tool was filled. 
 
 
1.  Introduction  
PT. Galuh Cempaka is a private company engaged in diamond mining which is located in Cempaka 
District, Banjarbaru City, South Kalimantan Province. The mining system used is an open pit mining 
system with the Surface Mine method, where the research and data collection is carried out in the DS12B 
Pit. 
 
PT. Galuh Cempaka has set production standards, but the company wants optimization and maximizing 
productivity. Galuh Cempaka Ltd. has planned to optimize and increase production as a form of the 
company's work effectiveness to be better. The author took the initiative to propose research to increase 
the effectiveness in the form of optimizing production scheduling. 
 
In the production activities carried out by Galuh Cempaka Ltd. uses a 1-unit excavator, Komatsu PC400 
type, for overburden removal, while overburden loading from the pit to disposal uses a 3-unit Iveco 380 
Dump Truck. For gravel excavation, 1-unit Catterpillar 320 excavator is used, while gravel loading uses 
2-unit excavators. Iveco 380 Dump Truck unit. After doing this research, what needs to be studied is the 
time required to complete the gravel excavation with the production target set by  Galuh Cempaka Ltd. 
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2.  Theory  
Cycle Time Excavator 





Information :  
CTex = Total Excavator Cycle time (minutes) 
T1 = Digging time (seconds) 
T2 = Charged swing time (seconds) 
T3 = Shedding time (seconds) 
T4 = Free swing time (seconds) 
 
Cycle Time Dumptruck 
Dumptruck is a tool used to transport materials resulting from the burning from the mining site to the 






Ctd = Total dump truck cycle time (minutes) 
T1  = Loading time (seconds) 
T2  = hauling time (seconds) 
T3  = Time to position the spill (seconds) 
T4  = Dumping or shedding time (seconds) 
T5  = Empty return time (seconds) 
T6  = Positioning time at loading (seconds) 
 
Factors Affecting Productivity 
The factors that affect the cycle time of the digging and transport equipment [13], namely the 
compactness of the material can affect the productivity of the loading and unloading equipment [14] and 
the loading pattern [15]. 
 
Work Efficiency 
The time actually used by workers in doing production [16]. The following is the formula for calculating 
work efficiency [17]: 
 
Mechanical Availability 
In this condition, if there is damage or there is interference with the mechanical device, the tool must be 




) x 100% ............................................................... ................................(3.3) 
 
Physical Availability 
In this condition, if there is damage or disturbance to the mechanical device, the tool is immediately 




)  x 100% ................................................................. ................(3.4) 
 
Used of Availability 




)  x 100% ................................................................. ........................(3.5) 
 
Effective Utilization 




)  x 100%................................................................. ...................(3.6) 
Information : 
W = Tool working hours 
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R  = Tool repair time 
S  = Time the tool is idle or inactive 
 
Swell Factor 
Changes in the volume of the material to be taken by changing the original shape but the weight of the 
material remains the same [18]. 
 
Fill Factor 
The percentage of the comparison of the actual volume that can be filled with its theoretical capacity 
[19]. 
 




 𝒙 𝑲𝑩 𝒙 𝑭𝑭 𝒙 𝑺𝑭 𝒙 𝑭𝑲 …………………………………………..(3.7) 
Information : 
Pex = Excavator Productivity (BCM/hour) 
Ctex = Excavator Cycle Time (minutes) 
Kb = Bucket Capacity (m3) 
FF = Fill Factor (%) 
FK = Correction factor (Work efficiency, Availability; %) 
SF = Conversion Factor (Swell factor; %) 
 
Productivity of Transport Equipment (Dump Truck) 
𝑪 = 𝒏 𝒙 𝑲𝒃 𝒙 𝑭𝑭 
𝑷𝒅𝒕 = 𝑪 𝒙
𝟔𝟎
𝑪𝑻𝒅𝒕
 𝒙 𝑭𝑲    ………………………………………………………(3.8) 
Information : 
Pdt = Dumptruck Productivity (BCM/hour) 
CTdt = Cycle Time Dumptruck (minutes) 
Kb = Bucket truck capacity (m3) 
FK = Correction Factor (Work efficiency; %) 
n  = Amount of filling 
FF  = Fill Factor (%) 
3.  Methodology 
In obtaining the results of the data required research analysis aimed at obtaining information used to 
answer research problems, the following research methods: 
 
 Conducting literature studies in the form of references, journals related research reports. 
 Primary and secondary data collection. 
 Conduct field orientation by making direct observations. 
 statistical processing of cycle time data, as well as analyzing the cycle time of mechanical devices. 
 Calculation of work efficiency 
 Calculation of productivity, as well as analyzing the productivity of mechanical equipment can 
achieve or not from the specified target. 
 Provide recommendations from the problems obtained in order to achieve production targets. 
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Figure 1. Research Flowchart 
 
4.  Results  
Effective Working Hours 
Effective working hours of loading and unloading equipment at Galuh Cempaka Ltd. was obtained after 
conducting research on mining sites. 
 









Komatu PC400LC 480 7.5 37 7.5 428 
CAT 320d 480 20.5 60.5 7.5 389.5 
DT Overburden 480 5.5 39 7.5 428 
DT Gravel 480 5 78 7.5 389.5 
 
Work efficiency 
Efficiency is obtained from effective working hours, to be able to determine that the tools operating in 
mining activities can work effectively. Work efficiency on loading and unloading equipment at Galuh 
Cempaka Ltd. was obtained with the following results: 
 
Table 2. Tool Efficiency 
Unit MA PA UA  EU 
Excavator PC 400LC 98% 98% 92% 90% 
CAT 320d 94% 95% 86% 82% 
DT Overburden 98% 98% 91% 90% 
DT Gravel 98% 98% 83% 82% 
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Cycle Time Excavator 
Cycle time excavator namely one work cycle that can be done by the excavator, with that obtained the 
total time that can be completed in one work cycle by the digging tool. 










Komatsu PC400LC 0.22 0.22 0.13 0.21 0.8 
CAT320 0.23 0.22 0.13 0.16 0.7 
 
Cycle Time Dumptruck 
Cycle time dumptruck namely one work cycle of the loading equipment that transports the excavated 
material to its storage place. 
 
Table 4 Average Cycle Time Dumptruck 
 
Digging Tool Productivity 
After obtaining the required data, the next step is to calculate the productivity of the mechanical device. 
On the excavator, it was found that Komatsu PC 400LC in overburden excavation had a productivity of 
139.7 bcm/hour and achieved the set production target, while for CAT 320D in gravel excavation it had 
a productivity of 94.2 tons/hour and did not reach the specified target, there is a shortage of 1.8 tons of 
gravel which is still lacking. 
 
Transport Equipment Productivity 
After obtaining the required data, the next step is to calculate the productivity of the mechanical device. 
In the dumptruck, it was found that IVECO 380 for overburden transportation has a productivity of 
184.9 bcm/hour and the equipment is capable of carrying the targeted load within one month, while for 
IVECO 380 for gravel transportation it has a productivity of 125.55 tons/hour and the equipment is 
capable of transporting the targeted load within one month. 
Match Factor 
The tool compatibility factor is the suitability between the number of digging and loading equipment 
and transportation equipment is also one of the factors that affect productivity. Then the compatibility 
factor of the working tools is as follows: 
Table 5 Harmony Factors 
Excavation Tool Type Number of 
Tools 
Cycle Time MF 
Overburden 
Komatsu PC400LC  1 0.7 
0.88 
IVECO 380 3 7.14 
Gravel 
CAT 320 1 0.7 
1.2 
IVECO 380 2 10.2 
 
From the calculation above, the Match Factor value in overburden excavation < 1, i.e. the loading 
equipment works less than 100% while the conveyance works 100%, so there is a waiting time for the 
loading equipment because it is waiting for the conveyance that has not arrived. In gravel excavation > 
1, the loading equipment works 100% while the conveyance works less than 100%, so there is a waiting 
time for the conveyance because the other conveyance is waiting for filling. 
Freight 
Cycle Time Dump Truck 
Total 
(minutes) loading hauling maneuver dumping return spotting 
overburden 0.78 2.05 0.82 1.02 1.5 1.08 7.31 
gravel 0.75 3.13 0.82 1.02 2.5 1.08 9.33 
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5.  Discussion 
Based on the results of the study, actual productivity, with an overburden production target of 138.8 
bcm/hour and an excavator with a total of 1 unit of 139.7 bcm/hour, the excavator in overburden 
excavation activities has reached the production target. The gravel production target is 96 tons/hour and 
the excavator with 1 unit is 94.2 tons/hour. There is a gravel production shortage of 1.8 tons/hour. 
Meanwhile, the overburden dump truck with a total of 3 units has reached the production target of 184.9 
bcm/hour. Dump trucks on gravel with a total of 2 units have reached the production target of 122.65 
tons/hour. Based on the problems, to achieve the production target, it is necessary to optimize work 
efficiency. 
 
Optimization of Cycle Time CAT 320D 
The digging conditions in the DS12B pit are solid, so when the excavator is digging gravel, the excavator 
must first dredge in order to fill a full bucket. Because at Galuh Cempaka Ltd. does not use explosives 
to destroy gravel. Therefore, the excavator must dig first and take a long time so that it affects the cycle 
time of the loading equipment. At Galuh Cempaka Ltd. also has improvements to the washing plan 
which makes the digging and transport equipment have to stop production, because the tools are made 
by themselves and still have many damage problems that must be repaired. When the loading and 
unloading equipment on the gravel stops, one of the optimizations that can be done is when repairing 
the washing plan, 
 
Optimization can be done when repairs occur on the washing plan, the CAT 320D excavator must keep 
running to prepare gravel so that excavator loading activities can speed up the cycle time of mechanical 
equipment 
 










Before Optimization 0.23 0.22 0.13 0.16 0.7 
After Optimization 0.16 0.22 0.13 0.16 0.67 
 
Optimization of Work Efficiency 
The work efficiency obtained is a reduction in the time of inhibition, namely during P5M. According to 
PP 50 of 2012 Article 9, in the safety talk there is a discussion of work risk control and P5M. Therefore, 
P5M is included in the safety talk section, so P5M time in one month can be eliminated to reduce 
bottleneck times. After optimizing work efficiency, there was an increase from 82% to 83%, so the 
productivity of the CAT 320D excavator was 99.6 tons/hour and was able to achieve the production 
target. 
 
Productivity Comparison Before and After Optimization  
After optimizing the cycle time and working hour efficiency, the tools that work can work optimally 
because the tools work optimally and no time is wasted. From Figure 5.3 it can be seen that the 
comparison after optimization and before, the excavator which previously had a productivity of 94.2 
tons/hour so it did not reach the gravel production target, therefore optimization was carried out so that 
the excavator could work optimally there was an increase in productivity to 99.6 tons/hour, from these 
results, the excavator can work optimally and effectively so as to achieve productivity. 
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6.  Conclusion 
Based on the results of research at the research site at  Galuh Cempaka Ltd. pit DS12B, the 
conclusions obtained are as follows: 
 Productivity of loading and unloading equipment in overburden excavation has reached the 
production target. Meanwhile, the excavation of gravel on the digging equipment can produce 94.2 
tons/hour and has not reached the production target of 96 tons/hour. There is a shortage of gravel 
production of 4.1 tons/hour. 
 Factors affecting not achieving this production target are the cycle time of loading equipment and 
work efficiency.  
 Comparison of excavator productivity in gravel excavation which previously was 94.2 tons/hour so 
that the production target was not met, so optimization was carried out to get productivity of 99.6 
tons/hour so the production target could be achieved. 
 The right recommendation to achieve the production target is to optimize the cycle time of loading 
equipment in gravel excavation and work efficiency. This optimization effort can increase the 
circulation time of loading equipment so that it can increase effective working hours in order to 
achieve production targets. 
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